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[HE] B - MAAEWE 2 AW ER (all-trans retinoic acid, ATRA) XF K FUaH B &\ 7 5 T 4018 (jaw bone
marrow mesenchymal stem cells, jBMSCs) BB 4L I . F7 ik - 38 o 4 B 58 W BE 7 438 5 97 4 Ji % Sprague-Dawley
(SD) K jBMSCs, iz N4l iR %% jBMSCs F it )i . FIFHPERE LN (alkaline phosphatase, ALP) e /ph 241
e, L0 O Y e KB JR = e 8 43 XU 5 5 . IR B SR B 5 S 19 JBMSCs AT 22 1) A AL VS RE AN . 43 i) e
FH ATRA ¥ 2 0.01, 0.1, 1. 5. 10, 20 pmol/L i & 75 3 i X jBMSCs #E A7 R S i 5 5, FF (6 — B 3L WA
(dimethyl sulfoxide, DMSO) {ERXF AL, FIH CCKS #EAT4NMITE 1Rl o >R FH ALP et Fh 2 21 YL o %) %4k 41 jBMSCs
FI LR A AR T EA TR, IR 0L J5 2 STk B o RIS 2t e i R -G 5% W (quantitative real-time polymerase chain
reaction, qPCR) . HPEUEYL 0T A [F W B ATRA F jBMSCs B HSE KR mRNA 5 E H kK F. &8 - Rk
TR, 98% L i P1ALjBMSCs B CD29'CD90'CD31°CD45™, 58 1a] 76 5t T 40 i 22 1 fo S5 4 S AHAT . ALP e fn)/
PERELT Yt LT O Yt K Bl /R 5 Y (25 TR P1LACjBMSCs HAT Ui . aillig . A £ im0k J1. ALP Jefa/df £ 4r
Peta 25 B IR, 0.01, 0.1 1 pmol/L ATRA £ jBMSCs J8 B 1ifi e ™ AK RE J7 5 0f RRZFL I 50 , i AR 242 T ATRA W 2 I 5 il i
EHESLRE TS, W TS pmol/L B FFARMR T X HRALK T (35 P<0.05). qPCRATAHL, 0.1, 1 pmol/L ATRA 41 A%
AL Alp. B WER L (bone sialoprotein, Bsp) . I BISJEHE H al (collagen type 1 al, Collal). 5%
(osteocalcin, Ocn) FEIR/KFHEXTBRL ETF, MidkSL3R T ATRA He i M {f JL R Fe 3k KF R, ATRA MRS =5 F 5 umol/L B JT
DR T X I KF (39P<0.05), $Ese e s R ER, 0.1, 1 pmol/L ATRA ZH 4% M8 21 5 A 56 48 11 R 2 4 S e
SERF SP7. ALP J OCN #ib3lag, mdksde T ATRA We B 85 (1 335 N BE, WeBE T 5 wmol/L B 1 4R 1K X B /K
(¥1P<0.05), £5i8 - BARHEE (0.1, 1 umol/L) ATRA RIfE#EK FjBMSCs i /- fLae S, HIZAEHERN 7F 0.1 pmol/L e i
HHABIEAE , P D ER TR B AT A AR ERUV I8 5 . B (5. 10, 20 pmol/L) ATRA XF K FR jJBMSCs i 431k 5t B
IR . BESEAEARSMIEI] ATRA % B jBMSCs B L B AU B8, H%8%E T 0.1 pmol/L ATRA K fR jBMSCs i 74k
PIBCEYR L, RIS T R 5 4 S U0 B 1R ) I DR P AL T 225 4k 4
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[Abstract]
differentiation of jaw bone mesenchymal stem cells (jBMSCs) in rats. Methods:jBMSCs from 4-week-old Sprague-Dawley (SD)

Objective:To explore the effect of all-trans retinoic acid (ATRA) of different concentrations on osteogenic

rats were isolated and cultured with whole bone marrow adherence method. The surface antigens were identified by using flow
cytometry. Alkaline phosphatase (ALP) staining/alizarin red staining, oil red O staining and alcian blue staining were used to prove
the multilineage differentiation potential of jJBMSCs after osteogenic, adipogenic and chondrogenic induction respectively. jJBMSCs
were induced in osteogenic medium with ATRA of concentration of 0.01, 0.1, 1, 5, 10, 20 umol/L in vitro, and dimethyl sulfoxide
(DMSO) was used as control group. Cell viability of jBMSCs in different groups were determined by CCK8. ALP staining and
alizarin red staining were used to investigate the osteogenic ability of jBMSCs in each group and screened the concentrations for
subsequent experiments. Quantitative real-time polymerase chain reaction (qQPCR) and immunofluorescence staining were used to
analyze the expressions of osteogenesis-related genes and proteins in jJBMSCs of different concentrations. Results:The flow
cytometry analysis showed that more than 98% of P1 jBMSCs were positive for CD29'CD90°CD31°CD45”, which was congruent
with the characteristics of bone mesenchymal stem cells. The results of ALP staining/alizarin red staining, oil red O staining and
alcian blue staining indicated that the P1 jJBMSCs had the multilineage differentiation potential of osteogenesis, adipogenesis and
chondrogenesis. The results of ALP staining/alizarin red staining showed that the osteogenic activity and mineralization ability of
jBMSCs in 0.01, 0.1 and 1 pmol/L ATRA groups were increased compared with those in the control group, while the osteogenic
activity and mineralization ability were decreased when the concentration of ATRA increased, especially higher than 5 umol/L (all P
<0.05). qPCR analysis showed that the mRNA expression levels of osteogenesis-related genes such as 4A/p, bone sialoprotein (Bsp),
collagen type I al (Collal) and osteocalcin (Ocn) were higher in the 0.1 and 1 umol/L ATRA groups compared to the control
group. However, further increasing the concentration of ATRA led to a decrease in gene expression levels, and when the
concentration exceeded 5 umol/L, it began to be lower than the control group level (all P<0.05). The immunofluorescence staining
showed that the expression of osteogenic related proteins SP7, ALP and OCN in the 0.1 and 1 pmol/L ATRA groups were increased
compared to the control group, while further increasing the concentration of ATRA led to a decrease in protein expression. When the
concentration was higher than 5 pmol/L, it began to be lower than the control group level (all P<0.05). Conclusion-Lower
concentrations (0.1, 1 pmol/L) of ATRA can promote the osteogenic differentiation of rat jBMSCs, and the promoting effect reaches
its peak at 0.1 pmol/L, while the effect can be weakened by further increasing the concentration. Higher concentrations (5, 10, 20
umol/L) of ATRA could inhibit the osteogenic differentiation of rat jBMSCs, showing an inhibitory effect. In this study, the dual-
directional effect of retinoic acid on osteogenic differentiation of jJBMSCs was demonstrated in vitro, and 0.1 umol/L ATRA was
identified as the optimal concentration for osteogenic differentiation of jJBMSCs in rats, which provided a reference basis for the
development of in vivo studies and clinical application of ATRA.

[Key words] all-trans retinoic acid (ATRA); jaw; bone marrow mesenchymal stem cell; osteogenic differentiation; dual-directional effect

Bt AT AT AP A 48 s A S g AR SR, it
50 TR W 2 % ke 53 1149 2y B 1 S 0L o R ik 52 9] 5C
TEo MTAFR, T A58 BT 20 A9 2 2L TR A DA ft st
T B SRR R A IR 2 G . AR RS — N GE
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T B ) 78 5T 20 e B T R Y B e O S
B MERE T 1, FEIRYT AT If W K Bt A gk
s TP AT BE AR R YA Y B ] ST T 4 AR T B
PRI, dnfar i 4% jBMSCs BUE st A IR S, A
SR Ayl RYES T P a0 TR A DG o B AR 3V A
MBI A2 A RN, TEeRZ%
MESE IR R R, WREEEERR
HEEEFRY R, Hikz 80 B SmE % R R
HAREE. —HH, JLEAEER ASZ v G4
KEBERAMSG 7. R, PR E= st
TR UL EWIE N BEgr R, PR A R
M AL B AU B (retinaldehyde dehydrogenase,
RALDH) k= B TR G s b /N RIS 1 Je
b= SN = ¢ /A i o | B = N T i e N e E s =W
Hane . Runt MCHE 54 AT 2 (Runt-related transcription
factor2, Runx2). ‘H¥5% (osteocalcin, Ocn) FIBUHE
S A S M S DK Sp7 45 LR 20 B s R TR R A K
. o, BT R R ARAR R
LA AR BB, R E RS RS EE
TP BT WO n & B8 558 45 ik
AR A UAE K BRI i B A8 R A o 5 350
HEMEMERE N, e U0k 2R 25 R R BE A T X
WA OCN, E#i#E 1 (osteopontin, OPN) FlIFL it
4 JRE M2 (matrix metalloproteinase 2, MMP2) &
BHME, Hi2 DX 2 200 b A5 ik DAk 1l TR
(alkaline phosphatase, Alp) M Runx2 3 ik /K ¥ Jt
wr Y HET, PR R EERE TR,
MAERE T VE R M ANV E . IeAh, Z RTINS
E R B R R AR A B AR A A R
T A B R ) 8 T 48 L B A i P 4 P i i
B, R, A SGE RN oA ) SR ) A
BRI R B 4 e A B R (all-trans retinoic acid,
ATRA) XK jBMSCs i /- LRE I B, AN
FSE T e A0 o) WAL B TR A 6 v A HH B it

1 HBE5ERE

L1 S8z

4 JE] % Sprague-Dawley (SD) HEPE KR 25 H,
BT B ELRsESR AR A R, IR T RS
TR A R 2 B B SR LN R BR B TE R E e AR
(specific pathogen free, SPF) Zsh¥) 5, Tk &
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(24+2) °C, 12hWERER, HHKkE., LHR/DERAE
FEVFATUEYS S SCXK (F5) 2023-0009, i FH 4 Al iE
SHSYXK (P1) 2020-0025,

1.2 BRGNS Ay

MEM 55 35 5 . 64 1%  (fetal bovine serum,
FBS) . B8 % 2% " & (phosphate buffer saline,
PBS). HHR/MEHERIFW . JREAM (Gibco, 3
), 4% 2R B (RIFFELEREYREARA
", HE), ATRA (MCE, *H), KEREH#EHE T
JoT T 20 M R R AR . R R R ) s i
g2t (R 7 s S A v e NNl o = 1 (21 e e 1
BRCE 1T iR & (Cyagen, 32 ), TRIzol
Reagent, 2§55 & (TaKaRa, HZA), SYBR
Green Fast qPCR Mix ., #t CD31Hifk . $it ALP Bk
HLOCNHLIE (ABclonal, JE[E), 4T CD29HiE. 4t
CD45 fiifk . $LCDY0 ik (BioLegend, JEIH), #i
SP7Hifk (Abcam, £[HE), “H I (dimethyl
sulfoxide, DMSO) . CCKS il & . ALP L
WA e, wRAREERXTE . e o R auling.
G 0 B W . AR o H AL W B (horseradish
peroxidase, HRP) #ric A 1L 2F $1 R 1gG (H+L)
(A0208) . HRP #ric 9 th = ¥t/ B 1gG (H+L)
(A0216) ( FFHE = KREYHEAREGRAHF, HHE),
FRFIEG AW (pH=2.5) (b R FEFH AR
NHE), HE) . PCRAL (Roche, Higt:), MR &
B 9OGCIMEE (Olympus, HAN),

1.3 85 ik

1.3.1 KEjBMSCs 7r B . Kige Lt A ki
(carbon dioxide, CO,) Z/RFLMENESD K4 H, &
HRURAAA T ik o RBCF W, RBRALA A4,
BT A PBS MR . BOE — B i v 258 — s
B, 1 mL SRR MEM 8 1555 (%
10%FBS . 1% 7 8 R /A& R 2 WPk T s
HREE BB R . W PR 250xg B0 5 min J5 5
LW, EET MEM e, hiE SR &
10 cm BRI, B58E2), 5%CO,. 37 °CHiFR. 6
3HF A LR, ISR e R Rk,
ZJEHE3 A4 L IR T MR B K 70%~80% i N
N JBEEE BRI Ak, B 0 45 3k o 4 B R S AL,
e, AWATI 7 O At i, IR 2 B0
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150xg #5005 min. 77 [IEWR, #E, #F 10 cm 55
MLAAZAR S - 4 M RS BE PR IR 70%~80% i, HUP1
PR AT A T 5 2R 55

1.3.2 WA HP1/C4HAEE T PBSHY, 450xg
B0 5 min 7 BT WSS AL (28 i TR A
IR HI R adl, BAL 100490, 15 4 3
L CD29. CD45, CD90 A CD31 44 4 °CI 7 30 min.,
FFR LA 450%g B0 S min 5, G058 il s vk o
e, FERE AR ES, AU T,
1.3.3 CCKS8 L4 43 5l i il ATRA ¥ B 0.01,
0.1, 1. 5. 10, 20 wmol/L 4 ¥f 3% 3 K5 3% P1 48
jBMSCs, [FAlif %A 1 pL/mL DMSO 455 77 3:A4E N
XTHRZH . H5FR 48 h)E, & REFR AP i A CCK8 ik
A, ARLEE 1 he S, 8L AR ORI 450 nm 4k
W B I 2 Bl SRR T T 20 g

1.3.4 EHEM TR T AR E S S0 S5 30k
RS Y, BPLACAEI L 5%10* 4~ /mL %
BRI AR o AR A0 M0 BE IS, 43 il B ATRA & 3 o8
0.01, 0.1, 1. 5, 10, 20 wmol/L Ay K K& #&H] 75 5t
T4 M BB AT R e . RIS A
1 wL/mL DMSO 114 K BB 1] 78 05 1 40 il B 75 5 T
PER XTI, 2 d¥e 1 k. EER7d)E, 17T
ALP Zt 8, (WL, “13.87 ). fyFEH e (I
“1.3.97 ) FISCH A OCHE R FRIB AR o B TR
14d)5, TR ageE (W “1.3.107 ).

1.3.5 EHEM T T4 AR S S0k S5 S0k
TR T ok T e BRI P T K B R R A
JoT 4 ML IR 75 T o A 3 FR E AW B . P AR
YA DL 5% 10* A /mL % FE R T 96 fLAR o 157 4 it I
fil G B IR H] 100% B, W Js 58 ARt BALINA A
W00 wl. BWF2d)m, WEAW, MMABW 100 pL.
YeFF1dJE, WEBW, Bl ABRMITIAS. ABMB
WS, A AR T SR B K g T e 1k i
S, T o E (W “1.3.117 ),

*1 ¢PCR3IMFIIER
Tab 1 Primer sequences for gPCR

2024, 44(9)

1.3.6 HREEI T TR EIER L %5
kSR A SOk Y R S K R
(1] 32 J3T 248 i R 15 5 A TR VR R R 15
S SE A IR . BU4x10° 4 PLARI I T 15 mL &
OET, 20°C, 250xg B4 ming WE BIHW, N
A 0.5 mL BRI AL, RJGLL20 °C, 150xg &
O 5 mine FRRELIGFVEMM . L LW, W
0.5 mL BUECH 5 S ot et R R B4, BEJS
PL20°C, 150xg B5.0r 5 min. F7HAES 045 25 LU 4K
A, R B AT UE TR SR TP R . T 24~
48 h i, UM B AL m), e 0 A IR A
OB BRI B ISR TR . S, BERE 3 d T
LR i B R e i R . el T
21d, HEEWNEBRER 1.5~2 mm BECEER, BIA]
AR g @ (I “1.3.127 ),

1.8.7 RNA$REU. S s SOt 9t e 1 R A i
KRR FEREFRARP SRS, [ PBS ek
ff . 24 FLAREEFLANA 500 WL TRIzol ZEf# 4N, K
41 J5 1 20 B TR A WIS T JC i Eppendorf 4 TP, 4%
HIMA 100 pL &5, BEEAFEHES3 min, 4°C,
10 000xg 5:0> 15 min.  fifi J5 /)W B | )2 Je (7K AH
Wk, MASERRNE, #HA55FE 10 min, AR
4°C 10 000xg &.0> 10 min, PIULHE RNA. # 7S,
T T R JC T G R K S B 75% SRR TR, 4 °C
10 000xg &0 15 min, FTE VMK 2 G 7% LIHWR, 1
i AU T RNA BEUE . 20 WL JC il JC B 7K 72 43
AR UTVE o i FH R IR S5 A0 40 T DU E RNA MR
) 2 513050 60K RNA U85 5% 8 cDNA J=, A
SYBR Green Fast qPCR Mix i 5] & 17 5L B 9 Y6 8 7
R 4 W 8% ;)2 N (quantitative real-time polymerase
chain reaction, qPCR), VIKGMpaHIoCEE A Alp . &
eV R 11 (bone sialoprotein, Bsp). [ HIEJHEE M
al (collagen type | al, Collal). Ocn Wik, W
PR AT Y s . SRS 1,

Gene Forward sequence (5'—3") Reverse sequence (5'—3")
B-actin CCCATACCCACCATCACACC CACCCGCGAGTACAACCTTC
Alp TATGTCTGGAACCGCACTGAAC CACTAGCAAGAAGAAGCCTTTGG
Bsp CCAGAAAGAGCAGCACGGTTGAG TGACCCTCGTAGCCTTCATAGCC
Collal CAGGCTGGTGTGATGGGATT CCAAGGTCTCCAGGAACACC
Ocn GAATAGACTCCGGCGCTACC AGCTCGTCACAATTGGGGTT

e
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1.3.8 ALP s fli & LR W A9 ATRA WL H
7S WA S jJBMSCs B ik 7 d i, W2 96 fL
Wb JFAT R R, I PBS AR 3R B, SA
4% Z W[ S min, FHPBSTEWE3 K. HEN
LI 80 wL #2 BE U W1 5 I i 4 9 ALP Je (0%, 7E
37 °CAAMF T REIEE 24 5 min, f5 i FHBUE K bk
PLZE R e 8 i o AR S 08 T T UL ALP FH 74 4t
BEEM, MRS,

1.3.9 GETOLY @ ARk Y, HEA
IR U EE 1Y) ATRA BUE U5 3 155 5 JBMSCs WL 43
fb7d, Weko6 AL E A KSR, PBS R EA
3G 4% 2 5 W[5 2 20 min, 1] PBS 15 &
3WE, EWEMA 1L, BHE —H (SP7. ALP,
OCN, 1:500), 4°Cidfk. PBSIEW/E, = iRl
FHAH . — Bt [HRP #5ic (9 10 2F $i % 1gG (HAL) |
HRP FRic 1L 2EH0/N R IgG (H+L), 1:1000] B H
1 h, PBSIEVESG 4', 6- — BRIL-2-RFLm|WE (47, 6-
diamidino-2-phenylindole, DAPI) %&{f% 10 min, FFIK
FAPBSE MG, T20% Wi FHiid.

1.3.10 PEFELa e HEH LR ATRA BUE
S B S JBMSCs B4k 14 d s, W25 96 4L
W R A R 3, I PBSFefeviik 11k, RS, WA
Fi JEUE ] F5 TC 47 1) 41 52 Y 11 5 20 min, P PBS
VE3W . HHEFILINA 80 pL p§ KL Y A o
20 min, FHIXGEAKMPYE 1R RWL 0B Al ar
ey, et

1.8.11 L ogetn Wk 96 FLA b MR 5 401k
TEARRFREL, PBSEVER I KIGHALINA 4% 25
H B 1A W 100 L [ 5 20 min, BRI AT O % 77 W FN 25
PRK i R 223 L BN S A TARMS k08 . W2 [Al
FEWR, PBSH#2ZEPE 3 IRG BALINA 100 pL £l O T.
YR, Y0 30 min. R, PBSERIEHA
3G T e T nl MLAT C g, TR,

1.3.12  HCEERY) T KBRS BA IR
BRI PBS VLG , 4% 22 5 F VA VR[] %2 30 min,
SRR T 50% ., 70%. 80%. 95% ZEEFITCIK 2 M
H K45 30 min, PR H R FICK B 1 LIRS
MW2h, #EH, BHREERE IR PR 2K, B
Lh, #FTEMW. G HIRRANE 1 LIRS, Ry
BRI W AT 40 CCHER 1 40 min f5 , BT A4
b 55 °CHEAR i ® 30 min. KFECE BRI, HEAT
WHEY R YR e T 2K JOKOEE, L
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K 95%. 85%. 70% H150% & 1% 4% 10 min, BT .
TER TR Y] Bl R 94, 37 °CHefa 1 h
Je, ARIKMYES min, Bt PRRESRCEE TRl L4
LNKEEORMYER 20, M,

1.4 il fonbr

fdi 1 SPSS 24.0 A AT AR GE T o3 Hr . B
BEUL xts Fom, SR ST AR A ¢ K 56 2E 47 41 18] LA
P<0.05 ®mEFHAGIE L.

2 R

2.1 jBMSCs eI K %

T 3o A N BE VA AR I BMIS Cs I I i U4l i A
X PLAR JBMSCs 47 [1] 70 0T 120 i 2% b e 25 22
(F1A) o S5 R, 98% L b Al 40 g % Bl N
CD29*CD90"CD31-CD45~ (K 1B), fF& HHEH 7T
T AR A R BB A S 7 d R 14 d I PLAR
jBMSCs #i 4T ALP Yt fph R e fea, RMif T4
ALP Y. {0 F1 96 25 41 e (0 %5 %k IR 41 3% B 1B 4 o
(K1C). WIRES S da, ma oA Tas
B AR AR (BID). IR, AUAE A 21 dJF
TE R Bk, A Y0 R R R BT R oE G £ BH
(F1E) . LA EZ5H UL jBMSCs BT Ll . WiIR . hk
B Z 1 v e -

2.2 ATRA %} jBMSCs 4l #:1: t 43 B

fifi 1] CCK8 2 K I A [R] & JiF ATRA X} jJBMSCs
Y ML TE PRS2 . CCK8 43 Mr ik zn, 0.01. 0.1, 1,
5. 10, 20 umol/L ATRA kb # 48 h )5, jBMSCs ff
HREXRAZE R TGIFE L (F2), FHM L
He i ATRA X jBMSCs Jt B i 41 i 5 .

2.3 ATRA X} jBMSCs J& 5 51k i3 5% Wi

A3 SAd ] & ATRA ¥ 0.01, 0.1, 1, 5,
10, 20 wmol/L M B H 55 W XT P14 jBMSCs i 175
F7 dJE AT ALP Bt S5XFREAAH L, 0.01. 0.1,
1 wmol/L ATRA 41 jBMSCs (1) ALP i P38 3 , H. 7
0.1 pwmol/L ¥ & i 3K B W E , 1775, 10, 20 pmol/L
ATRAZL ALP G T FE, HESAZIM¥E L (¥
P<0.05) (EI3A). MEAT14 dFHITHERYE,
g5 (K 3B) ox, SXTHAML, 0.01. 0.1,
1 wmol/L ATRA 41 jBMSCs ™ {25 15 JE 1. g 1 15 5% |
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A B
Isolation PO jBMSC
& plating Changing medium  passage 98.04% 98.58%
| | | 200} o0l
0d 3d 7d 10d
k= =
= =
(=] (=]
Q100 O 100}
/\ a
! N 0 2 3 4 5 6 2 3 4 5 6
: 10° 100 100 10" 10 10° 100 10" 10" 10
C i\%/;\ CD29 PE-A CDY0 FITC-A
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